FOLDED FIN HEAT SINK ASSEMBLY 



FIELD OF THE INVENTION 

[0001] The invention relates to a folded fin heat sink assembly and to a method of 

fabricating a folded fin heat sink assembly for use as a cooling solution in micro- 
electronics and/or telecommunication applications. In particular, the invention relates to a 
method of mounting and soldering an aluminum folded-fin assembly to a copper base 
plate to form a folded fin heat sink assembly, 

BACKGROUND OF THE INVENTION 

[0002] Integrated circuit devices are increasingly being used in modem electronic 

applications such as computers. During normal operation, integrated circuit devices 
generate significant amounts of heat. If this heat is not continuously removed, the device 
may overheat resulting in damage to the device and/or a reduction in operating 
performance. One economic solution for cooling such devices is a heat sink mounted on 
top of the integrated circuit device. Due to this contact, heat generated by the integrated 
circuit is conducted into the heat sink and away fi-om the integrated circuit. A fan may be 
provided to assist in moving the heat away. Also, as a general rule, the performance of 
integrated circuit devices is likely to improve when they are operated at lower 
temperatures. Hence, heat sink solutions which facilitate a lower integrated circuit 
operating temperature have an economic value over heat sink solutions offering higher 
integrated circuit operating temperatures. 

[0003] Over the years, there has been a trend toward reduction in size and 

increased clock fi-equency speeds of integrated circuit devices, coupled with increases in 
the number of transistors and therefore capacitance within the integrated circuit. These 
trends have resulted in a proportional increase in the power used by the integrated circuit. 
Consequently, the heat generated by these devices has also increased. In order to 
adequately cool these high powered integrated circuit devices, heat sinks with greater 
cooling capacities have evolved. 

[0004] Also, the trend toward reduction in size inherently results in greater heat 

flux density being imposed onto the heat sink. The efficiency of the heat sink in spreading 
the heat from the heat source to the fins can become a limitation of the heat sink design. 
[0005] Historically within the microprocessor industry, the majority of heat sink 

solutions have used aluminum extrusions. In aluminum extrusions, surface area aspect 
ratios are typically limited to a maximum ratio of 12:1. 
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[0006] In today's marketplace, with microprocessor solutions being offered in the 

2.2 GHz clock frequency range, cooling requirements often cannot be met by the technical 
capabilities offered by alummum extrusion technology. In order to meet this need heat 
sink designs have evolved from simple one piece aluminum extrusions to an assembled 
heat sink format with two or more components in which a denser plurality of fins formed 
by folded-fm technology is used. Assembled heat sinks offer the ability to use higher 
conductive materials such as copper in the design of the base plate along with aluminum 
fins, when spreading the heat from the heat source becomes a limitation. Folded-fin 
technology, with its low thickness range (.004" - .040") and tight fin density capabilities 
offer heat sink aspect ratios which can approach 40:1 and correspondingly larger surface 
areas for heat dissipation. 

[0007] A typical folded-fin heat sink assembly comprises a base plate and a 

folded-fin assembly mounted on top of the base plate, the folded-fm assembly having a 
plurality of joined folded-fins extending upwardly from the base plate. A shroud may also 
be provided surrounding a substantial portion of the folded-fin assembly. The folded-fin 
assembly is produced by feeding strip aluminum or copper material through a set of blades 
which are actuated through cam action to produce its accordion-like structure. 
[0008] Typically the base plate and the folded-fin assembly are made of materials 

which have a high thermal conductivity; materials such as aluminum (approximately 200 
W/mK) or copper (approximately 400 W/mK) and, in some cases, these two components 
comprise the heat sink in its totality. 

[0009] The conventional method of assembling aluminum fins to a copper base 

plate uses a thermal epoxy process to assemble the dissimilar materials together. This 
however reduces the performance of the heat sink, as thermal epoxies in general have 
conductivity levels of only about 1 W/mK. 

[0010] An alternative approach involves nickel plating the aluminum fins so that 

they can then be soldered to the copper base plate, using generic tin/lead (Sn/Pb) solder, it 
being noted that Sn/Pb solder will not bond aluminum. However, nickel plating densely 
packed aluminum fins typically requires an electro-less nickel-plating process, which adds 
significant cost in manufacturing. 

[001 1] Yet a further approach involves a brazing process for bonding the 

aluminum fins to the copper base plate. However, this process step requires an 
intermediary material such as nickel or iron between the aluminum fins and copper base 
plate to ensure that low temperature inter-metallics of Cu and Al do not form, resulting in 
an uncontrollable joining process. Once again, this process requires the additional 
manufacturing cost associated with providing an intermediary material. 
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[0012] It is therefore desirable to provide a process for bonding the aluminum fins 

to the copper base plate, which process provides adequate thermal heat conductivity levels 
between the bonded elements to avoid reducing the thermal performance of the heat sink, 
and which avoids the necessity of using any intermediary process steps. 
[0013] Given that there is also a preference in certain applications that the copper 

base plate be nickel plated, it is also desirable that the process be effective for bonding the 
aluminum fins to either an unplated base plate or a nickel plated copper base plate. 

SUMMARY OF THE INVENTION 

[0014] It is an object of the invention to provide a method of bonding an aluminum 

folded-fin assembly to an unplated or a nickel plated copper base plate, to form a folded- 
fin heat-sink assembly, which obviates or mitigates the disadvantages of known methods 

and processes as discussed above. 

[0015] In a first aspect, the invention provides a method of joining an aluminum 

folded fin assembly to a copper base plate to form a folded fin heat sink assembly, 
comprising the steps of: 

(a) placing a sheet or paste of Sn-Zn solder upon the base plate, 

(b) placing the folded fin assembly on the solder sheet or paste, 

(c) heatmg the base plate, folded fm assembly and solder to a temperature 

exceeding the liquidus temperature of the solder and allowing the solder 
to flow, and 

(d) cooling the solder to form a soldered joint between said base plate and the 

folded fin assembly. 

[0016] When the solder is in the form of a sheet, the method may further comprise 

applying a flux, preferably to the base plate and to the fins, or alternatively to the upper 
and lower surfaces of the sheet between steps (a) and (b). Alternatively, the solder may be 
in the form of a paste which includes a flux for the solder. The paste may be stencilled or 
screen printed onto the base plate. 

[0017] Preferably, the solder comprises about 9 1 % Sn and about 9% Zn. 

[0018] The base plate and folded fin assembly may be secured in an assembly 

fixture and retained therein during steps (b), (c) and (d). Alternatively, the base plate may 
be placed in a temporary assembly fixture prior to step (a); following step (b), individual 
fins of the heat sink and the base plate are laser tack welded together at multiple points; 
the base plate is removed from the temporary assembly fixture; and the base plate, the 
folded fin assembly and the solder are heated in step (c) and cooled in step (d). 
[0019] Step (c) may be performed in a reflow oven or at a hot plate soldering 

station. 
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[0020] According to a further aspect of the invention, there is provided a folded fm 

heat sink assembly comprising one or more aluminum folded fm assemblies, each of 
which is soldered to a copper base plate by means of an Sn-Zn solder, preferably having 
about 91% Sn and about 9% Zn. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Preferred embodiments of the invention will now be described, by way of 

example only, with reference to the attached Figure 1, which is an exploded view of an 
assembled heat sink. 

DETAILED DESCRIPTION OF THE INVENTION 

[0022] Figure 1 is an exploded view of a folded-fm heat sink assembly 3, having 

alimiinum folded-fin assemblies 1 located on a copper base plate 2. The base plate may be 
unplated or nickel plated. To assemble the folded-fin assemblies 1 to the base plate 2, the 
base plate is placed in a conventional assembly fixture (not shown), and solder strips 4 of 
thicknesses ranging from 0.005" - 0.020" and cut to length and width dimensions matching 
the footprint of each folded-fin assembly 1 are placed on the base plate 2. A fluxing 
compound is then lightly applied preferably to the base plate and fins, or alternatively to 
both sides of the solder strips 4. The fins are then placed in the assembly fixture, which is 
then transferred to a solder reflow oven for controlled joining of the fins to the base plate 
at a suitable fixed temperature, which is preferably in a range of 5 - 15% above the 
liquidus/solidus temperature of the solder. Finally, the assembly is allowed to cool in order 
for the solder joint to form. 

[0023] An alternate method of assembling the heat sink 3 is to place the heat sink 

components into a temporary fixture and laser tack weld the fins 1, solder strips 4, and 
base plate 2 together at multiple points. The assembly can then be transferred to the reflow 
oven in a fixtureless manner for the joining operation. 

[0024] A fiirther alternative is to use a hot plate instead of a reflow oven for the 

joining operation. 

[0025] The solder strips 4 are of a unique tin/zinc (Sn/Zn) solder and are placed on 

the base plate, as described above. The application surface is lightly fluxed using a 
suitable fluxmg compound such as Formula 2600 (trade-mark) sold by Kester Solder, 515 
East Touhy Ave., Des Plaines, Illinois, and the fins are then placed on top of the copper 
base and solder. The assembly is then processed at a temperature typically in the range of 
220-260 °C, depending on the part size and shape, which exceeds the liquidus temperature 
of the solder composition, following which the assembly is allowed to cool in order to 
form the soldered joint. 



[0026] An alternative method of applying the solder is to use a paste instead of a 

sheet (or sheets). This has the advantage that it may be screened or stencilled onto the base 
plate and may also have the flux incorporated into the paste. 

[0027] The process was compared and baselined to a process using electro less 

nickel plating of the fins as an intermediary, and then Sn/Pb soldering to the base plate in 
conventional manner. As is shown by the following Table 1, the solder is by nature harder, 
stronger, and more resilient than the traditional Sn-Pb solder material. 



Table 1 



Parameter 


Unit 


Sn-Pb (Conventionally 
used) 


Sn-Zn 


Alloy Composition 


% 


Sn63-Pb37 


Sn91-Zn9 


Liquidus/Solidus 


Degrees C 


183 


183 


Density 




8.64 


7.28 


Hardness 


HV 


12.8 


21.3 


Tensile Strength 


kg/mm^ 


4.51 


4.55 


Shearing Strength 


kg/mm^ 


4.84 


4.88 


Elongation 


% 


34.5 


40 


Young's Modulus 


10^ kg/mm^ 


4.1 


5.3 



[0028] A thermal shock test was also completed on the two groups of components; 

this test revealed that the Sn-Zn soldered heat sinks had superior thermal performance 
after testing to the Sn-Pb soldered heat sinks and thermal shock testing reveals a more 
resilient bond. The copper to aluminum bond is observed to have an equivalent thermal 
resistance to copper joined to nickel plated aluminum through conventional Sn-Pb solder. 
In the thermal shock test, the two targeted groups were subjected to 1000 cycles of +70 
degrees Celsius and -5 degrees Celsius in which the transfer time was less than 2 seconds 
between the two extremes. A ten minute dwell time was specified for each temperature in 
between cycles. Upon completion of the two groups, the Sn-Pb test group indicated a 
slight thermal performance degradation of 1.5%, whereas the Sn-Zn test group indicated a 
slight thermal performance improvement of 2.7%. 

[0029] The above-described embodiments of the invention are intended to be 

examples of the invention. Alterations, modifications and variations may be effected the 
particular embodiments by those of skill in the art, without departing from the scope of the 
invention which is defined solely by the claims appended hereto. 
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